(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 069 675 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intci7: H02M 3/337, H02M 3/28 




17.01.2001 Bulletin 2001/03 


(21) 


Application number: 99830448.9 




(22) 


Date of filing: 15.07.1999 




(84) 


Designated Contracting States: 


(72) Inventor: Kim, Minho 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


52031 Anghiarl, Arezzo (IT) 




MC NL PT SE 






Designated Extension States: 


(74) Representative: 




AL LT LV MK RO SI 


Mannucci, Gianfranco, Dott.-lng. 






Ufflcio Tecnico Ing. A. Mannucci 


(71) 


Applicant: MAGNETEK S.p.A. 


Via della Scala 4 




52028 Terranuova Bracclolini (AR) (IT) 


50123 FIrenze (IT) 



(54) Rectifier 

(57) The rectifier comprises: 

a transformer (T1) with a primary winding (13), to 
whose ends is applied a voltage which is cyclically 
variable overtime, and a secondary winding (15); 
a first and a second rectifying diode (D5, D6), hav- 
ing corresponding first and second electrodes, the 
first electrode of each of said diodes being connect- 
ed to a first output terminal (1 7) of the rectifier; 
a first and a second reactive component (LI, L2) 



interposed between the corresponding second 
electrode of each of said diodes and a second out- 
put terminal (19) of the rectifier, said second elec- 
trodes of the two diodes being additionally connect- 
ed to the two ends of the secondary winding (1 5). 

A first and a second delay element (SI , S2), which 
maintain a flow of current through the secondary wind- 
ing (1 5) during a freewheeling passive phase of the rec- 
tifier, are connected in series with each of the diodes 
(D5, 06) respectively. 
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Description 

[0001] The present invention relates to a rectifier, par- 
ticularly a rectifier which can be used as a component 
of a DC/DC power converter. The invention also relates 
to a DC/DC power converter comprising a rectifier. 
[0002] More particularly, the present invention relates 
to a rectifier of the type comprising a transformer with a 
primary winding and a secondary winding; a first and a 
second electronic rectifying component, typically di- 
odes, connected to a corresponding first electrode at 
one of the output terminals of the rectifier; and a first and 
a second reactive component, interposed between the 
corresponding second electrodes of said electronic rec- 
tifying components and a second output terminal of the 
rectifier, and in which the second electrodes of said rec- 
tifying components are connected to the two ends of the 
secondary winding. 

[0003] With respect to the present description and the 
attached claims, it is to be understood that the connec- 
tion of the electrodes of the diodes to the output termi- 
nals and to the ends of the secondary winding of the 
transformer do not necessarily have to be direct con- 
nections, since further elements in series with the di- 
odes may be interposed between the electrode and the 
terminals or the ends of the secondary winding, as will 
be made clear in the following description. 
[0004] A rectifier of the type mentioned above, insert- 
ed in a DC/DC converter, is described in US-A- 
4,899.271. In this converter of a known type, each rec- 
tifying diode is connected directly to a corresponding 
end of the secondary winding of the transformer. The 
converter described in the aforementioned patent has 
the advantage, with respect to other center-tapped con- 
verters, of a better use of the transformer, without the 
necessity of using four rectifying components, with the 
consequent high power loss which normally occurs in 
these elements. 

[0005] The converter described in the United States 
patent mentioned above has the disadvantage of high 
switching losses in the primary, since the switching of 
the controlled switches does not take place when the 
voltage passes through zero. 

[0006] US-A-5,1 32,889 describes a DC/DC converter 
in which the losses in the switches are reduced because 
the switching takes place when the voltage passes 
through zero. However, this type of converter has an 
output circuit configuration with a center-tapped sec- 
ondary winding, with the disadvantages that this entails 
in terms of losses in the transformer. 
[0007] The object of the present invention is to provide 
a new type of rectifier, which is particularly useful if ap- 
plied to a DC/DC converter, and which, in this applica- 
tion, enables the disadvantages of the aforementioned 
converters to be overcome. More particularly, the object 
of the present invention is to provide a device which en- 
ables the switching losses of the switches to be reduced, 
which avoids the necessity of using a transformer with 



a center-tapped configuration of the secondary, and 
which also eliminates the necessity of using a four-diode 
configuration of the rectifier in the output circuit. 
[0008] These and other objects and advantages, 

5 which will be clear to a person skilled in the art from the 
following text, are obtained with a rectifier of the type 
mentioned above. In which a first and a second delay 
element are connected in series with the first and sec- 
ond rectifying component respectively. The delay ele- 

10 ments, which may, for example, consist of inductances 
and in particular of saturable inductances, maintain a 
flow of current through the secondary winding, and con- 
sequently through the primary winding of the transform- 
er, during the "freewheeling" phase. This enables the 

IS switches located in the primary winding circuit of the 
converter to be switched at zero voltage. 
[0009] When the rectifier is inserted in a converter, the 
switching circuit of the converter may have a full-bridge 
or half-bridge configuration, since the aforementioned 

20 advantages are obtained in both configurations. 

[0010] The rectifying components typically consist of 
diodes, but there is no reason why corresponding active 
components, for example MOSFETs or other controlled 
switches, should not be used in place of the diodes. 

25 [001 1] Further advantageous characteristics and em- . 
bodiments of the converter according to the invention 
are indicated in the attached claims. 
[0012] The invention will be more clearly understood 
from the description and the attached drawing, which 

30 shows practical and non -restrictive embodiments of the 
invention. More particularly, in the drawing: 

Figs. 1 and 2 show two circuit diagrams of a con- 
verter with a full-bridge switch configuration; 
35 Fig. 3 shows the equivalent circuit of the transform- 
er of the converter; 

Fig. 4 shows the circuit in the active phase in which 
the energy is transferred from the primary to the 
secondary; 

40 Fig. 5 shows the circuit in the phase of transition 
from the active phase to the passive or "free-wheel- 
ing" phase; 

Fig. 6 shows the equivalent circuit corresponding to 
the situation in Fig. 5; 
45 Fig. 7 shows a V-Zl diagram relating to the transition 
phase in Fig. 5; 

Fig. 8 shows the circuit in the passive phase, known 
as the "free-wheeling" phase; 
Fig. 9 shows the circuit in the phase of transition 
50 from the passive, in other words the "free-wheeling" 
phase, to the subsequent active phase; 
Fig. 10 shows the equivalent circuit in the transition 
phase in Fig. 9; 

Fig. 11 shows the V-ZI diagram for the transition 
55 phase in Fig. 9; 

Figs. 1 2a-1 2d show the waveforms of various mag- 
nitudes in the circuit during the various phases of 
operation; and 
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Fig. 1 3 shows a different embodiment of the circuit, 
In a half-bridge configuration. 

[0013] In the following description, the rectifier is de- 
scribed as a connponent of a DC/DC converter consist- 
ing of a switching circuit and a rectifier circuit proper. 
The present invention, although particularly advanta- 
geous if used in a DC/DC converter, should not be un- 
derstood in a restrictive sense. The rectifier according 
to the invention may also be used, for example, in an 
AC/DC converter. In this case, an alternating voltage is 
applied to the terminals of the primary winding of the 
transformer 

[0014] Figs. 1 and 2 show two alternative configura- 
tions of the converter, comprising the rectifier according 
to the Invention in a first embodiment. The two configu- 
rations differ in the different orientation of the diodes, 
but are otherwise Identical, and the following description 
can be applied to both of the configurations, where iden- 
tical numbers indicate identical or corresponding parts. 
[0015] The converter, indicated in a general way by 
the number 1 , has a switching circuit 3 and a rectifier 
and output circuit 5. The switching circuit 3 has two input 
terminals 7, 9 between which a continuous voltage, 
shown schematically as the voltage source Vj^, is ap- 
plied. The voltage Vj^ is applied to a full bridge compris- 
ing four controlled switches Q1 , Q2. Q3, Q4, whose par- 
asitic diodes D1, D2, D3, D4 and parasitic capacitors 
CI, C2, C3, C4 are also shown. The bridge Q1-Q4 is 
connected, on one diagonal, to the Input terminals 7, 9, 
and, on the other diagonal, to a primary winding 1 3 of a 
transformer T1 , whose secondary winding, indicated by 
15, is inserted in the rectifier and output circuit 5. 
[001 6] The rectifier and output circuit 5 comprises two 
rectifying diodes D5 and D6 connected by correspond- 
ing first electrodes to a first output terminal 17 of the 
circuit. Each of said two rectifying diodes D5, D6 is also 
connected, by the other electrode, to a corresponding 
saturable inductance SI , S2, each of which is connect- 
ed between the corresponding diode and one of the 
ends of the secondary winding 1 5 of the transformer T1 . 
[0017] Each saturable inductance SI, S2 (or other 
equivalent delay element] may be located between the 
diode and the output terminal 1 7, instead of between the 
corresponding diode D5, D6 and the corresponding end 
of the secondary winding 15. In other words, in one or 
the other of the pairs D5, SI; D6, S2 - or in both - the 
positions of the diode and the inductance may be inter- 
changed. 

[001 8] The ends of the secondary winding 1 5 and the 
corresponding electrodes of the diodes D5, D6 connect- 
ed to them are also connected to the second output ter- 
minal 1 9 of the converter by means of two reactive com- 
ponents represented by two output inductances LI and 
L2. C<jut indicates a capacitor with high capacitance lo- 
cated between the output terminals 17, 19, between 
which a generic toad 10 is applied. 
[0019] A control circuit, which is known per se and is 



not Illustrated, causes the controlled switches Q1 -Q4 to 
open and close in the sequence which will now be de- 
scribed. 

[0020] In the following description, it Is assumed that 
s the parasitic capacitances CI -C4 ail have the same val- 
ue, which will be Indicated by C, and that the reactive 
components LI , L2 have the same inductance, equal to 

[0021] Fig. 3 shows the equivalent circuit of the trans- 
10 former T1 , and indicates the parameters which will be 
used in the following text to illustrate the operation of 
the circuit in Fig. 1 . In the equivalent circuit in Fig. 3, the 
primary and secondary windings 13', 1 5' of a theoretical 
transformer TV equivalent to the transformer T1 are in- 
15 dicated, while L^ indicates the magnetizing inductance 
of the transformer and L||^ indicates the leakage induct- 
ance of the transformer. If Np and Ns are the numbers 
of turns of the primary winding 1 3 and the secondary 
winding 15 respectively, then the inductance of the sec- 
20 ondary as seen from the primary is given by: 

Lq. = (Np/Ns)\o 

25 [0022] The converter in Fig. 1 passes through four dis- 
tinct phases during its operation. The following Figs. 4 
to 1 1 show the configurations assumed by the converter 
in the different phases, while Fig. 12 shows the wave- 
forms of some of the characteristic values as a function 

30 of time. With reference to the instants of time to-te indi- 
cated In Fig. 1 2, the phases through which the converter 
passes are defined thus: 

to-t^ : active phase; 
35 x^-X2: phase of transition from the active phase to 

the passive phase; 

h'h'U- active or "freewheeling" phase; 

U*V^6- phase of transition from the passive phase 

to the subsequent active phase. 

40 

[0023] In the following text, Ts will be used to denote 
the duration of one period; in other words, Ts = to - tg. 
[0024] Fig. 4 shows the active phase (interval tQ-t-,) of 
the circuit in Fig. 1 , during which energy Is transferred 

45 from the switching circuit 3 to the output circuit 5. In this 
phase, the switches Q1 and Q4 are closed, while the 
switches Q2 and Q3 are open. A current Ip^i, which pass- 
es through the closed switches Q1 and Q4, flows in the 
primary winding 13. 

50 [0025] In the rectifier and output circuit 5, the diode 
D5 is conducting and the diode D6 is non-conducting; 
the saturable inductance S1 is saturated, and therefore 
acts as a closed switch, and is shown as such in Fig. 4. 
Conversely, the saturable inductance S2 has a high im- 

55 pedance. The current Ig^^ which flows in the secondary 
winding 15 passes through the diode D5 and charges 
the output capacitor C^^^^ and the output inductance L2, 
in such a way that the energy is transferred from the 
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input voltage source Vj^ to the output capacitor C^yt- At 
the same time, a current Iqi flows through the output 
inductance LI , this current circulating in the circuit con- 
sisting of the output inductance LI , the saturable induct- 
ance SI , the diode D5 and the output capacitor Cqui- ^ 
[0026] If t denotes time and to denotes the instant of 
the start of the active phase, then: 



Isi is the current through the saturable inductance 
SI 

Is2 is the current through the saturable inductance 

S2 (equal to zero in this phase) 

Ids is the current through the diode D5; 

Iq-, and Iq2 are the currents through the switches 

Q1 and Q2 

1^ is the magnetizing current of the transformer 
Vjp is, as indicated above, the input voltage between 
terminals 7 and 9 

Vg and V3 are the voltages across the switches Q2 
and Q3. 

[0027] Fig. 1 2 shows the variations of some of the val- 
ues listed above in this phase and in the subsequent 
phases, as functions of the time t. 
[0028] At the instant t^, the switch Q4 is opened and 
starts the transition from the active phase of Fig. 4 to 
the passive phase of Fig. 8. The configuration of the cir- 
cuit in this transition phase is shown in Fig. 5, while Fig. 
6 shows the equivalent circuit viewed from the primary, 
where L and indicate the impedance and the equiv- 
alent voltage respectively, which can be determined by 
the Thevenin theorem and which are 

Ve = Vou,Lr„/(Lm + Lo.) 



I01 ='oi«o)-t(Vout+Vd)(t-to)]/Lo 

'sec = '02 = '02(t0) * [(Vsac ' "^cuX ' Vd)(t-to)]/Lo 



'si - 'd5 ~ '01 '02 



"q1 ='Q2='pri = (Ns/Np)lo2 + l„ 

where 

'm = [Vi„(t-toyL„-V^,/(f3L„); f, = in-,; 
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IS 



20 



25 



Vou, = (Np/N,)(V„„,+VJ 
Vpri=Vi„ (where L„//Lo. » L,^) 

where: 

Lq is the value of the inductance LI or of the induct- 
ance L2, as defined above 

Iqt is, as defined above, the current through the out- 
put inductance LI 

Iq2 is the current through the output inductance L2 
Vsec '® the voltage across the terminals of the sec- 
ondary winding 15 

is the voltage across the terminals of the prima- 
ry winding 13 

Vqu, is the output voltage between the terminals 1 7 
and 19 

is the voltage drop across the terminals of the 
diode D5 or D6 

Vpg is the voltage across the terminals of the diode 
D6 

Lq is the inductance of L1 (equal to the inductance 
of L2) 

Iprj and are, as defined, the current in the prima- 
ry and secondary windings 



L=L„, + (L„//Lo,) 

where 

out *■ 

(Np/Ns)(V^„, + V^) 

[0029] With reference to the equivalent circuit in Fig. 
6, at the instant the following initial conditions are 
present: 

'L(tl) = 'LI 

V3(t,) = Vi„ 

where V3 is again the voltage across the switch Q3, and 
II is the current through the equivalent impedance L. 
[0030] At the generic instant t, we find that 

V3 = (Vjn - V^)cos(cot) - ZIli sin(cot) + 
II = lLiCOS(<ot) + ((Vj„-V^)/Z)sin(cot) 

where 
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(S? = 1/L(C3 + C4) = 1/(2LC) 

= Ly(C3 + C4) = L/(2C) 

[0031] The vector diagram in Fig. 7 shows the varia- 
tion of the voltage V3 and ZIl with time. At the instant 
the voltage V3, in other words the voltage across the 
terminals of the switch Q3, becomes zero, and the cur- 
rent through the equivalent inductance L passes 
through the parasitic diode D3 of the switch Q3. At the 
instant X2, the passive phase (which will be described 
with reference to Fig. 8) begins, and the voltage through 
the switch Q3 is equal to zero. The switching of the 
switch Q3 at the instant t3 therefore takes place at zero 
voltage and consequently in conditions of minimum 
loss. 

[0032] During the remaining interval t3-t4 of the pas- 
sive phase, or what is called the "freewheeling" phase, 
the switches Q1 and Q3 are closed and the switches Q2 
and Q4 are open. The device takes on the configuration 
shown in Fig. 8. In the output circuit 5, the diode D5 is 
conducting and the saturable inductance S1 is saturat- 
ed, while the diode D8 Is also conducting but the induct- 
ance S2 has a high value of impedance. 
[0033] Characteristically, by contrast with the known 
circuits, in this "freewheeling" phase the secondary 
winding 15 is not short-circuited. A current which is 
different from zero passes through the output induct- 
ance L2, and also passes through the secondary wind- 
ing 15, the saturable inductance SI, the diode D5 and 
the output capacitor Co^t. so that a current which Is the 
sum of the magnetizing current l^p,^ and the reflected 
current corresponding to that flowing in the secondary 
15 and in the output inductance L2 flows through the 
primary winding 13. At the same time, the current Iqi of 
the output inductance LI flows through the saturable in- 
ductance SI , the diode D5 and the output capacitor Co^,. 
The energy accumulated in the output inductances L1 
and L2 is transferred to the output capacitor C^^,. The 
currents and voltages in the individual components take 
the following values: 

'01 ~ '01 

l,« = l02 = l02(t2)-[(V„u,H-Vd)(t-t3)yL0 



'si - 'ds - '01 '02 

'qi ="Q3 = 'pri = (Ns/Np)l.2 + l^p,, 

where 



V2 = V4 = Vi„ 

10 where and V4 are the voltages across the terminals 
of the switches Q2 and Q4, Iq-, and Iq3 are the currents 
through the switches Q1 and Q3, and the other values 
are as defined above. 

[0034] At the instant t4. the passive or "freewheeling" 
IS phase ends and the transition from the passive phase 

to the subsequent active phase starts. This transition 

phase lasts for a time Interval t4-t6. At the instant t4 the 

switch Q1 opens, while the switch Q3 remains closed. 

The converter takes on the configuration shown in Fig. 
20 g. Fig. 10 shows the equivalent circuit viewed from the 

primary, L and being as defined above. With the initial 

conditions at the Instant 14: 

25 "L(t4) = 'u» 

V2(t3) = Vi„. 

30 we find that 

V2 = -V^cos(cDt) - ZlL4Sin((cot) + + 

II = iLiCOS(cot) - (Vg/Z)sin((ot) 

where 

40 2 

CO = 1/(L(C1 + C2) = 1/(2LC) 
Z^ = L7(C1 + C2) = L/(2LC) 

45 

if 

CI = C2 = C 

50 

[0035] In particular conditions, at the instant (see 
Fig. 11) the voltage V2 goes to zero and the switch Q2 
can be closed to start the subsequent active phase (in- 
stant Xq). The conditions for which a zero voltage is ob- 
55 tained on the switch Q2 are found from the vector dia- 
gram In Fig. 11 , which shows the variation of the voltage 
V2 and Zl|_. where II is the current in the inductance L 
of the equivalent circuit in Fig. 10. In particular, if 1^4 is 
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the current in the inductance L of the equivalent circuit 
at the instant 14 (opening of the switch Q1 ), the condition 
permitting the voltage across the terminals of the switch 
Q2 to pass through zero Is obtained by making the cir- 
cumference with the center (Vj^ + V^) representing the 
variation of Vg and Z\^_ intersect the ordinate (Vg = 0) at 
the instant tg. The following condition for the passage of 
V2 through the zero point is found geometrically: 

(Z'w)^>Vi„^+2Vi„V^ 

[0036] If this condition is met, at the instant \^ there is 
a zero potential drop across the switch Q2, permitting 
loss-free switching. The current through the equivalent 
inductance L is transferred to the diode D2. Then, at an 
instant within the time interval X^-Xq, the switch Q2 is 
closed. 

[0037] The input voltage Vj„ is thus applied to the ter- 
minals of the primary winding 13, and the voltage -(Ns/ 
NpjVjn is applied to the terminals of the secondary wind- 
ing 15 and to the saturable inductance S2. 
[0038] To enable the switching of Q2 to take place at 
zero voltage, the switch Q2 must be closed before the 
saturable Inductance S2 becomes saturated. This is be- 
cause, when the inductance S2 becomes saturated, the 
secondary winding 15 of the transformer T1 Is short- 
circuited and therefore the Input voltage Vj^, is applied 
to the terminals of the leakage Inductance L^^. This re- 
sults In a very rapid variation of the current in the prima- 
ry, since the leakage inductance L,|^ Is very low. 
[0039] After the current has been switched from the 
branch SI , D5 to the branch S2, D6 the second active 
phase starts (Instant X^). S1 takes on a very high value 
of impedance, D5 Is non-conducting, and the current 
Iggc' flowing through the secondary 15 and through the 
output inductance L2, passes through the branch con- 
taining the saturable impedance S2 and the diode D6. 
The situation Is a mirror image of that shown in Fig. 4. 
The phases of active-passive transition, the "freewheel- 
ing" phase and the passive-active transition are then re- 
peated in a way which is the mirror image of that de- 
scribed with reference to the preceding figures. 
[0040] Fig. 1 3 shows a configuration of a DC/DC con- 
verter using the rectifier according to the invention, In 
which the switching circuit, again indicated by 3, has a 
half-bridge configuration, comprising switches Q1 and 
Q2, whose parasitic components are not shown. The 
rectifier and output circuit 5 is identical to the rectifier 
and output circuit 5 of the preceding embodiment, but 
differs from this in that the diodes D5 and D6 are re- 
placed by two controlled switches Q5 and Q6. The 
number 20 indicates In a general and schematic way an 
integrated circuit, of a known type, for controlling the 
switching of the switches Q1 -Q6. S1 and S2 again indi- 
cate two saturable inductances and LI and L2 Indicate 
the output Impedances, while C^yt again represents the 
output capacitor. 



[0041] The advantages obtained in the circuit in Figs. 
1 to 11 are also obtainable in the circuit in Fig. 13, in 
respect of which similar considerations are valid. 
[0042] In Fig. 13, the controlled switches Q5 and Q6 
s can be replaced by diodes similar to the diodes D5 and 
D6, just as In the circuit in Figs. 1 to 11 the diodes D5 
and D6 can be replaced by controlled switches Q5 and 
Q6. 

10 

Claims 

1. A rectifier comprising: 

IS - a transformer (T1) with a primary winding (13) 
to whose ends is applied a voltage which is cy- 
clically variable over time, and a secondary 
winding (15). said secondary winding compris- 
ing two ends; 

20 - a first and a second electronic rectifying com- 
ponent (D5, D6; Q5, Q6) capable of assuming 
a conducting condition and a non-conducting 
condition and having corresponding first and 
second electrodes, the first electrode of each 
2S of said rectifying components being connected 

to a first output terminal (17) of the rectifier; 
a first and a second reactive component (LI, 
L2) interposed between the corresponding sec- 
ond electrode of each of said rectifying compo- 
se nents (D5, D6; Q5, Q6) and a second output 
terminal (19) of said rectifier, said second elec- 
trodes of said two rectifying components being 
additionally connected to the two ends of said 
secondary winding (15); 

35 

characterized in that a first and a second delay el- 
ement (SI, S2), which maintain a flow of current 
through said secondary winding (15) during a free- 
wheeling passive phase of the rectifier, are connect- 
40 ed In series with each of said first and second rec- 
tifying components (D5, D6; Q5, Q6) respectively 

2. Rectifier according to claim 1 , characterized in that 
each of said first and said second delay elements 

45 comprises an Inductance. 

3. Rectifier according to claim 1 or 2, characterized in 
that each of said first arid said second delay ele- 
ments comprises a saturable inductance. 

so 

4. Rectifier according to claim 1 , 2 or 3, characterized 
In that said rectifying components consist of a first 
and a second diode (D5, D6). 

55 5. Rectifier according to claim 1 , 2 or 3, characterized 
in that said two rectifying components consist of 
controlled electronic switches (Q5, Q6). 
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6. Rectifier according to one or more of the preceding 
claims, characterized in that the prinnary winding of 
said transformer (T1) is inserted in a switching cir- 
cuit of a DC/DC converter. 

5 

7. Rectifier according to claim 6, characterized in that 
said switching circuit has a full-bridge configuration 
(Q1,Q2. Q3. Q4). 

8. Rectifier according to claim 6. characterized in that io 
said switching circuit has a half-bridge configuration 
(Q1, Q2). 

9. Rectifier according to one or more of the preceding 
claims, characterized in that it is inserted in a PWM i5 
converter of the bridge type with resonant transition. 

10. A DC/DC power converter comprising: 

a switching circuit (3) comprising controlled 20 
switches (Q1-Q4; Q1, Q2); 
a transformer (T1 ) with a primary winding (1 3) 
inserted in said switching circuit (3), and a sec- 
ondary winding (15) inserted in a rectification 
circuit (5), said secondary winding comprising 25 
two ends; 

in said rectification circuit, a first and a second 
electronic rectifying component (D5, D6; Q5, 
Q6) capable of assuming a conducting condi- 
tion and a non-conducting condition and having 30 
corresponding first and second electrodes, the 
first electrode of each of said rectifying compo- 
nents being connected to a first output terminal 
(17) of the converter; 

a first and a second reactive component (L1, 35 
L2) interposed between the corresponding sec- 
ond electrode of each of said rectifying compo- 
nents (D5, D6; Q5, Q6) and a second output 
terminal (19) of said converter; said second 
electrodes of said two rectifying components ^0 
being additionally connected to the two ends of 
said secondary winding (15); 

characterized in that a first and a second delay el- 
ement (SI, S2), which maintain a flow of current ^ 
through said secondary winding (15) and conse- 
quently through said primary winding during a free- 
wheeling passive phase of the converter, are con- 
nected in series with each of said first and second 
rectifying components (D5, D6; Q5, Q6) respective- 50 

ly- 
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